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ABSTRACT                       A number of species of plants produce repertoire of cyanogenic glycosides via 
a common biosynthetic scheme. Cyanogenic glycosides play pivotal roles in organization of 
chemical defense system in plants and in plant–insect interactions. Several commercial crop 
plants such as sorghum (Sorghum bicolor), cassava (Manihot esculenta) and barley (Hordium 
vulgare) are cyanogenic and accumulate significant amounts of cyanogenic glycosides. The 
study of biosynthesis of dhurrin in sorghum has underpinned several early breakthroughs 
in cyanogenic glycoside researches. Despite great deal of structural diversity in cyanogenic 
glycosides, almost all of them are believed to be derived from only six different amino acids 
L-valine, L-isoleucine, L-leucine, L-phenylalanine, or L-tyrosine and cyclopentenyl-glycine (a non 
protein amino acid). Our knowledge about biosynthesis of cyanogenic glycosides and molecular 
regulatory processes underlying their biosynthesis has been increased impressively in the past 
few years. The rapid identification, characterization and cloning of genes encoding enzymes of 
the cyanogenic glycoside biosynthetic and catabolic pathways from several plants has greatly 
facilitated our understanding of cyanogenic glycosides biosynthesis and regulation. Today it is 
known that enzymes of cyanogenic glycoside biosynthetic pathway in sorghum are organized 
as metabolon most likely to those of other secondary metabolic pathways. Knowledge of state 
of art of biosynthesis and regulation of cyanogenic glycosides made possible the metabolic 
engineering of these pathways resulting in development of transgenics of cassava, tobacco, 
lotus and Arabidopsis with manipulated cyanogenic glycosides content. Simultaneously, many 
new developments have been witnessed in methods/techniques/ procedures for detection of 
cyanogenic glycosides in plant samples, foods and foodstuffs. The present review sequentially 
discusses all of these issues with updated information gathered from the published reports on 










Functions of CGs in plants
   L  -  A m i no  a c i ds    
  
A ldo x i m e s    
H y dr o x y ni t r i le    
  
C y a n o g e n ic   G  l y c o s id e s    
C y t o c h r o m e  - P 4 5 0    
C y t o c h r o m e  - P 4 5 0    
U D P  - g lu c o s y l  t r a n s f e r a s e    
I  - P h a s e    
I  I  - P h a s e    
I  I I  - P h a s e    
Figure 1. General scheme of the biosynthesis of cyanogenic glycosides 
in plants.
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Figure. 2a. Scheme of the biosynthesis of L-tyrosine derived cyanogenic 
glycoside, dhurrin in Sorghum bicolor.
Figure 2b. Scheme of the biosynthesis of L-tyrosine derived cyanogenic 
glycosides, taxiphyllin and triglochinin in Triglochin maritime.
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Figure 3. Scheme of biosynthesis of L-phenylalanine derived cyanogenic 
glycoside, prunasin in Carica papaya.
Figure 4. Scheme of the biosynthesis of L-leucine derived cyanogenic 
glucosides in Hordium vulgare.
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Figure 5. Scheme of the biosynthesis of L-valine and L-isoleucine derived cyanogenic glucosides, linamarin and lotaustralin and the nitrile glu-
cosides, rhodiocyanoside A and D in Lotus japonicus.
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Figure 6. Schematic pathway of catabolism of cyanogenic glycosides.
Enzyme Plant Accession No. Size Protein/Gene References
Cytochrome P450ox Sorghum bicolor AAC39318 531 CYP71E1 Kahn et al. 1997






Koch et al. 1995




C15 Zhang et al. 2003
Andersen et al. 2000
Putative Cytochrome P450 Lotus japonicus AAB69644 490 Forslund et al. 2004






Nielsen and Moller 2000; 
Nielsen and Moller 1999
A-type cytochromes P450, 










Bak et al. 1998
UDP-glucose:p-hydroxymandelo-
nitrile-O-glucosyltransferase
Sorghum bicolor AAF17077   492 UDPGT Jones et al. 1999












Hughes et al. 1994
Wang et al. 2004
(S)-hydroxynitrile lyase Hevea brasiliensis AAC49184 257 Hnl Hasslacher et al. 1996






Dreveny et al. 2001
(R)-(+)-mandelonitrile lyase Prunus serotina P52707 573 MDL3 Hu and Poulton 1999
Rhodanese Triticum aestivum AAK64575 307 TST Niu et al. 2002









Hatzfeld and Saito 2000; Pap-
enbrock and  Schmidt 2000
Dhurrinase ( -glucosidase) Sorghum bicolor AAC49177 565 Glyco_hydro-1 Cicek and Esen 1998; Ver-
doucq et al. 2004
Dhurrinase ( -glucosidase) Zea mays AAD09850 563 Glu2 Bandaranayake and 
Esen1996; Czjzek et al. 2000
Dhurrinase ( -glucosidase) Secale cereale AAG00614 568 Glyco_hydro-1 Nikus et al. 2003




Prunus serotina AAA93234 553 AH1 Zheng and Poulton1995; 
Zhou et al. 2002
B-glucosidase Manihot esculenta CAA64442 551 Bgl1A Liddle et al. 1998






Cicek, and Esen 1999; 
Czjzek et al. 2000
B-(1)4- -glucosidase Prevotella ruminicola
Bacteria (gram –ve)
AAA86753 785 cdxA Wulff-Strobel and Wilson 
1995
B-cyanoalanine synthase Solenum tuberosum BAB18760
BAB20032
351 aa
347 aa  
PCAS-1
PCAS-2
Maruyama et al. 2001
B-cyanoalanine synthase Betula pendula AAN86822  352 aa Beta-CAS Vahala et al. 2003
Vicianin Hydrolase Vicia angustifolia ABD03937 509 Ahn et al. 2007






Wang and Etten 1992
-acetone cyanohydrin lyase Linum     usitertussimum CAA70304 422 Trummler and Wajant1997







Table 1. Cloned genes encoding enzymes of cyanogenic glycoside biosynthesis and catabolism.
Conclusion
Methods Materials Cyanogenic compounds Detection limit Reference
Pyridine-barbituric acid colorimetric 
procedure
Soybeans and soybean 
products
Cyanide (HCN)  Microgram Honig et al. 1983
Direct determination method Beans and bean paste 
products
Linamarin  Milligram Kawamura et al. 
1993
Picrate and acid hydrolysis methods Flax seed and flax seed 
meal; Bamboo shoots;
sorghum leaves
Total cyanide content Ppm. Haque and Beab-
dury 2002
Picrate paper kits Cassava Total cyanide content Microgram Hidayat et al. 
2000
Barbituric acid pyridine, pyridine-
pyrazolone and high performance 
liquid chromatography
Ax seed Cyanogenic glycosides Microgram Kobaisy et al. 
1996
Densitometric method Cyanogenic plant Small amounts of cyanogenic 
compounds 
Nanogram Brimer and Mol-
gaard, 1986
Direct determination of cyanides by 
potentiometric biosensors
Several cyanogenic me-
dicinal and food plants 
Cyanogenic glycosides Micromolar Keusgen et al. 
2004
Chromatographic determination us-
ing a porous graphitic carbon column
Almond tree roots Prunasin and amygdalin Berenguer Na-
varro et al. 2002
LC combined with tandem mass 
spectrometry (LC-MS/MS)
Vitis vinifera L. Epimers of  prunasin and sambuni-
grin
Franks et al. 2005






Foodstuffs Simultaneous determination of 
cyanide and carbonyl compounds
Curtis et al. 2002
GC/EI-MS or GC/NCI-MS Passiflora fruits Mandelonitrile (Prunasin, amygdal-
in, mandelonitrile rhamnopyranosyl 
-D-glucopyranosides, sambunigrin 
glycosides
 Chassagne et al. 
1996
Immunoassay using polyclonal 
antibodies
Pits of fruits and nuts Amygdalin Microgram-mil-
ligram
Cho et al. 2006
Table 2. Methods for the detection of cyanogenic glycosides in plants.
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